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.2012.02.Abstract The synthesis, characterization, surface activity and applications of nonionic surfactants
derived from the asphalt components (maltenes M) are presented. These compounds were synthe-
sized by the sulfonation of (maltene), then the prepared maltene sulfonic acid (MS) was reacted with
hexadecylamine giving maltene sulfonamide product (A) which undergoes an alkali-catalyzed eth-
oxylation at (135–150 C). Several surfactants (M-10 to M-40) were formed with different ethylene
oxide units (from 10 up to 40) and were characterized by molecular weight determinations, elemen-
tal analyses and FTIR analysis. Surface tension, as a function of concentration of the surfactants in
the aqueous media, was measured at 25 C. From these measurements, the critical micelle concen-
tration (CMC), the maximum surface excess concentration (Umax), Minimum area per molecule
(Amin), effectiveness of surface reduction (GCMC) and the efﬁciency (pC20) were calculated. The pre-
pared surfactants were applied as emulsifying agents for making asphalt emulsions. Storage stabil-
ity, (Saybolt Furol) viscosity, settlement (water content difference %), coating ability and water
resistance were measured. The results indicated that M-20 (maltene sulfonamide ethoxylated with
20 units of ethylene oxides) gives a maximum stability.
ª 2012 Egyptian Petroleum Research Institute. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license..com (Z.L. Abo-Shanab).
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0071. Introduction
Asphalt, a residue from crude oil distillation [1,2], is a complex
mixture of four main families of compounds, referred to as
SARAs fractions (saturates, aromatics, resins and asphaltenes).
It can be considered as a colloidal system in which micelles of
high molecular weight organic molecules (asphaltenes), sur-
rounded by a shell of resins, are dispersed in an oily phase
(maltenes), consisting of low molecular weight saturated and
aromatic hydrocarbons together with the remaining resins
[3–5]. Asphalt behavior depends on the relative concentrationhosting by Elsevier B.V. Open access under CC BY-NC-ND license.
46 E.R. Souaya et al.and the chemical features of asphaltenes and maltenes. So, the
use of low-value reﬁnery (Asphalt) for the production of non-
ionic surfactants will generate important economical beneﬁts.
The highest cost associated with the production of ethoxylated
surfactants is the high price of the rawmaterials (approximately
70%) rather than the manufacturing process used [5,6]. Non-
ionic surfactants are synthesized, as shown in Eqs. (1) and
(2), by the oxy-alkylation with ethylene or propylene oxide of
organic compounds containing active hydrogen or other func-
tional groups in the presence of a base catalyst [7,8].ð1Þwhere R: alkyl, aryl or naphthenic groups,
ð2Þ
where X: –O, –COO, –CO NH–, –NH, SO2NH.
As can be observed, R can be a large variety of organic frag-
ments similar to the ones present in crude oil or its fractions .In
general, two requirements are needed for the ethoxylation pro-
cess: (1) the hydrogen containing group present should be ac-
tive enough to react with the alkene oxide in the presence of
the base catalyst and (2) the molecular weight should be higher
than 300 to become an amphiphilic molecule with the correct
hydrophilic lipophilic balance (HLB) Eq. (3) [9].Table 1 Physical properties and chemical constituents of asphalt
60/70 (Suez).
Physical properties (ASTM D-946) Asphalt 60/70
Solubility in trichloroethylene, % 99.0
Flash point, F (Cleveland open cup) 450
Kinematic viscosity at 135 C, C.st. 457
Absolute viscosity at 60 C, poise 560
Softening point, Ring and Ball, C 47
Penetration at 77F (25 C) 100 g, 5 S 65
Ductility at 77F (25 C), 5 cm/min., cm +150
Chemical constituents, wt%
Oil 42
Asphaltenes 22
Resins 36
ð3ÞThe presence of active hydrogen containing groups in as-
phalt and its fractions, and their reaction to generate tensoac-
tive compounds and other derivatives have been reported in
the literature [10–12], Seifet and Howells [13] reported the iso-
lation of carboxylic acids from a light californian crude oil,
such acids are responsible for the very low values of interfacial
tension found in crude oil /water systems.
Similar results were reported by Acevedo et al. [14,15], who
worked with asphalt from the Orinoco belt in Venezuela.
Pitchford [16] reported the synthesis of a novel surfactant com-
position by reacting asphaltenes from Wafra (Middle East)
crude oil with maleic, succinic and/or glutaric acids.The
formed surfactant compositions are useful in the preparation
of stable water-in-oil emulsions and also for dispersing solid
particles in an oily medium [8]. Hence, low-value reﬁnery feed
stocks can be used as starting materials for the synthesis of
nonionic surfactants provided that they have the active sites
available for the ethoxylation reactions. In this article, the
synthesis, characterization, surface activity and potential
applications of nonionic surfactants derived from asphalt,
are presented.
In this paper, the prepared new surfactants were evaluated
and applied as emulsifying agents for asphalt emulsion accord-
ing to ASTM D244 (ANSI/ASTM D244-83) and ASTM
D2939 standard tests.2. Experimental
All the reagents utilized in this work were of analytical grade
and were used without further puriﬁcations. The physical
and chemical characteristics of the used asphalt (60/70), ob-
tained from (Suez oil processing Co.) are shown in Table 1.
The chemical characterizations of maltene, used as a starting
material for the surfactants’ synthesis, are shown in Table 2.
FT-IR spectra were carried out using CH2Cl2 as a solvent
and KBr cells. Molecular weight determinations were carriedout using the depression in freezing point method and GPC
chromatography. The total acid number was measured using
the deﬁned potentiometeric titration method and reported as
milligram of KOH per gram of sample.
2.1. Solvent extraction of maltenes from bitumen
The extraction of maltenes was carried out according to
(ASTM D-3279).
2.2. Sulfonation of maltenes
Into a 250 ml 2-neck round bottomed ﬂask provided with a
dropping funnel, 1 mol of the extracted maltene (see character-
ization in Table 2) was placed then, 1.5 mol of fuming sulfuricacid (7–8% sulfur trioxide), was added dropwise with continu-
ous stirring for three hours accompanied by cooling. The reac-
tion temperature was kept at 55–60 C, and then the reaction
mixture was dissolved in isopropanol and salted out with super
saturated sodium chloride solution. The upper layer was taken,
the isopropanol was distilled off, and the maltene sulfonic acid
was obtained [17].
Table 2 Chemical characterization of maltene (M), maltene sulfonic acid (MS), amide product (A) and the prepared surfactants (M-10,
M-20, M-30 and M-40).
Speciﬁcation Products
M MS A M-10 M-20 M-30 M-40
Expected Mn, (g/mole) 928 1009 1233 Speciﬁcation 2113 2553 2993
Measured Mn, (g/mole) 928 1030 1258 1689 2145 2500 2980
C% (w/w) 84.34 82.9 85.75 68.40 66.32 60.52 59.98
H% (w/w) 11.00 11.02 11.15 11.04 10.68 10.21 9.66
N% (w/w) 9.85 9.75 9.98 9.65 9.42 9.2 9.00
S% (w/w) 2.2 4.2 3.65 3.42 3.31 3.20 3.12
Acidity (mg KOH/g) 0.14 5.12 1.5 <0.01 <0.01 <0.01 <0.01
Where Mn is the number average molecular weight.
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Amidation of the prepared maltene sulfonic acid was carried
out by placing 1 mol of maltene sulfonic acid and 1 mol of
hexadecylamine in 1 L one neck ﬂat bottomed ﬂask ﬁtted with
a Dean–Stark trap and a condenser. The reaction ingredients
were heated to 150 C in 20 ml xylene and 2% p-toluene sul-
fonic acid as a catalyst, with continuous stirring by a magnetic
stirrer, until the theoretical amount of water was collected. The
obtained amides were dissolved in isopropanol and salted out
from super saturated sodium chloride solution, the upper layer
was taken, the isopropanol was distilled off, and the amide was
obtained [18].
2.4. Ethoxylation reactions
The ethoxylation reactions were carried out in a stainless steel
2000-ml batch Parr reactor equipped with a magnetic stirrer, a
heating mantle, a cooling loop and a temperature controller. In
a typical experiment, the reactor was loaded with 400 g of the
prepared amide and 0.1% of sodium metal) was added. After
15 min of stirring at 400 rpm and nitrogen purging, ethylene
oxide (EO) was added to the system at the desired EO/hydro-
carbon molar ratio (10, 20, 30, and 40). The temperature was
increased up to 65 C and the highly exothermic ethoxylation
reaction started at this point [6]. To reduce the risk of explo-
sion, the vessel was cooled by passing water through the cool-
ing loop. Once the temperature was stabilized (approximately
135 C), the reactor was purged with nitrogen, and after the re-
moval of the solvent by vacuum distillation, the nonionic sur-
factants were obtained without further puriﬁcations. All the
results reported in this article are the average of at least two
different experiments.
2.5. The CMC determination
Surface tension measurements were evaluated using De-Nouy
Tensiometer (Kruss-K6 type) and applying a platinum ring
technique [19].
2.6. Preparation of asphalt emulsion
Asphalt emulsion was prepared in a stainless steel vessel in
which 50 g of asphalt was mixed with 5 ml solvent (kerosene)
at 60 C. The nonionic surfactants were prepared with differ-
ent weight percentages (1–5 wt%). The aqueous solution was
added to asphalt at a slow rate with continuous mixing forseveral minutes using a colloidal mill until a constant mean
droplet size was obtained. After preparation, the emulsions
were stored at 25 C in sealed containers.
2.7. Testing of the obtained emulsions
Standard methods of testing emulsiﬁed asphalt were per-
formed under the ﬁxed designation D244 (ANSI/ASTM
D244-83). The methods cover many tests: viscosity, storage
stability, settlement, coating ability and water resistance. These
tests were carried out for the following reasons:
2.7.1. Saybolt Furol viscosity of asphalt emulsions
A Saybolt Furol viscometer conforming to the speciﬁed
requirements in the method D88 was used to measure the resis-
tance of the emulsiﬁed asphalt to ﬂow at 25 and 50 C.
2.7.2. Storage stability
Thismethod examines the ability of an asphalt emulsion to remain
as a uniformdispersion during storage. It determines the difference
in the asphalt content of samples taken from the top andbottomof
material placed in undistributed simulated storage for 24 h.
2.7.3. Settlement, (water content difference, %)
This method was used for detecting the tendency of asphalt
globules in the emulsion to settle out and separate from water
during storage for ﬁve days. It determines how often emulsion
must be mixed to ensure proper application.
2.7.4. Phase separation test
The phase separation test which examines the ability of an as-
phalt emulsion to remain as a uniform dispersion for a long
time was conducted according to ASTM D-244.
2.7.5. Coating ability and water resistance
This method covers the determination of the ability of an as-
phalt emulsion to coat an aggregate thoroughly, withstand a
mixing action while remaining as a ﬁlm on the aggregate and re-
sist the washing action of water after completion of the mixing.
3. Results and discussion
3.1. Synthesis and Characterization
The synthesis of nonionic surfactants, starting from low-value
reﬁnery asphalt.(The physical and chemical characteristics are
reported in Table 1), was carried out by the extraction of
48 E.R. Souaya et al.maltene (M) according to (ASTM 3279) followed by the sulfo-
nation process. Then the formed maltene sulfonic acid (MS)
reacted with hexadecylamine giving the maltene sulfonamide
product (A) which undergoes an alkali-catalyzed ethoxylation
reaction to give four nonionic surfactants (M-10, M-20, M-30,
and M-40) as shown in Eq. (3). The chemical characterizations
of maltene (M), maltene sulfonic acid (MS), maltene sulfon-
amide (A), and the ethoxylated products (M-10, M-20, M-30
and M-40) are reported in Table 2.
It was observed that the total acid number of maltene sul-
fonic acid is (5.12 mg KOH/g) higher than that of the starting
materials (0.14 mg KOH/g) which indicates the existence of
acid group. Total acid number decreases in the ethoxylated
products which can be attributed to the reaction of the SO3H
groups present in maltene sulfonic acid with hexadecylamine
to give sulfonamide product which contains SO2NH2 group
that reacts with ethylene oxide units. The C%, H%, N%,
and S% were measured and tabulated in Table 2.Figure 1 (a) FTIR of extracted maltene (M), (b) FTIR of maltene sul
(d) FTIR of sulfonamide ethoxylated with 20 units of ethylene oxideAlso it was observed that %N of the prepared amide
(A= 9.98) is higher than that of the starting material
(M= 9.85) which conﬁrms the presence of excess N atoms that
may be related to the amide group (NH2) in the structure. Also,
it was observed that %S of the prepared maltene sulfonic acid
(MS= 4.2) is higher than the %S of the starting material
(M= 2.2) which conﬁrms the entrance of sulfonic group
(SO3H) in the structure. It was noticed that N% and S% decrease
with increasing the number of ethylene oxide units which is related
to the increment of the total molecular weight of the molecule.
The prepared compounds maltene (M), maltene sulfonic
acid (MS), maltene sulfonamide product (A) and nonionic sur-
factants (M-20) were analyzed by FTIR as shown in Fig. 1. By
comparing between the FTIR of the starting material shown in
Fig. 1a and the FTIR of the prepared maltene sulfonic acid
shown in Fig. 1b, the appearance of the strong band at
1167.27 cm1 assigned to asymmetric and symmetric SO2
(stretching vibration) was observed, as well as a band atfonic acid (MS), (c) FTIR of maltene sulfonamide product (A), and
(M-20).
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at 3409.74 cm1 indicating the presence of O–H stretching
vibration and a band at 884.51 cm1 assigned to the
p-substitution of benzene ring. All of the above bands
conﬁrmed the presence of –SO3H group.
Fig. 1c showed two bands at 1463.41 and 1186.70 cm1 that
are characterized to SO2–N group, and a strong band at
1664.05 cm1 bending frequency characterized to N–H. These
bands conﬁrmed the amidation process.
Fig. 1d reveals signals with frequencies in the 3456.63 cm1
range (br.), and at 1120 cm1 which indicated the presence of
OH and COC (ether) stretching vibrations, respectively. These
bands are generally found in conventional alkyl phenol ethoxy-
lated compounds. The signal band with frequency 1465.96 cm
1 indicated the presence of methylene groups.
3.2. Surface active properties
3.2.1. CMC measurements
The critical micelle concentrations (CMC) of nonionic surfac-
tants at 25 C were determined by plotting the surface tension
(c) versus LnC. The CMC values were measured from the
abrupt change in the slope of (c) versus LnC plot which are
shown in Fig. 2. It can be concluded that the CMC increases
as the number of ethylene oxide units increase from 10 to 40
units as illustrated in Fig. 3. The effect may be due to the bulky
nature of the hydrophobic group in these molecules [20] which
produces an almost parallel arrangement of surfactant30
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Figure 3 The relationship between CMC vamolecules in the micelle, similar to that at the planar liquid–
air interface. At that interface, the introduction of an EO group
causes a slight increase in the hydrophobic nature. Such in-
crease in the hydrophobic character of the molecule when the
surfactant molecules are arranged in the micelle in a similar,
more or less parallel fashion should produce a decrease in the
CMC.
3.2.2. HLB measurements
In ethoxylated surface active compounds [21], the weight per-
cent of ethylene oxide (wt% EO) is directly related to the sur-
factant HLB through relation (R1)
HLB ¼ ðEO%=5Þ ðR1Þ
It was observed that the HLB values increase with increasing
the total number of ethylene oxide units as shown in Fig. 4.
3.2.3. Surface excess concentration and Amin
The maximum surface excess concentration Umax in mol/cm
2
was calculated through the relation (R2) [22]:
Cmax ¼ ð1=2:303 RTÞðdc=d logCÞT ðR2Þ
where R is a gas constant = 8.314 k J/mol and T= Tc + 273.
The Umax values in Table 3 were used to calculate the min-
imum area per molecule, Amin in nm/molecule, at the aqueous
phase-interface using the Relation (R3):
Amin ¼ 1016=NCmax ðR3Þ-8 -6 -4 -2
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M-30 M-40
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Figure 4 The relationship between HLB value and number of ethylene oxide units.
Table 3 Surface properties of prepared surfactants.
Products Properties
Total No. of E.O. CMC · 105
(mol/dm3)
cCMC
(mNm1)
Umax A
(mol/cm2)
G
(mNm1) PC20 (mol/dm
3) Amin (A) HLB
M-10 10 29.4 40 1.522 32 5.0368 109.05 9.9341
M-20 20 20.8 42 1.375 30 5.5999 120.74 12.880
M-30 30 16.1 36 1.620 36 5.0714 102.44 14.493
M-40 40 13.6 32 1.628 40 5.0705 100.54 15.337
50 E.R. Souaya et al.where A is the minimum surface area per molecule of solute in
square nanometers (nm2), U is the surface excess in mol/m2,
and N is Avogadro’s number (6.023 · 1023 molecule/mole).
Table 3 lists the calculated values of Umax in mol/m
2, and
the area per molecule (Amin) at the interface at surface satura-
tion in nanometers.
It is obvious from the data given in Table 3 that Umax de-
creases with increasing the number of EO units. Consequently,
the obtained Amin values inversely increase with increasing the
number of EO units. This may lead to a conclusion that the
investigated compounds behave like ethoxylated nonionics.
Insigniﬁcant deviation from this general trend is observed in
case of the ethoxylated compounds having more than 20 units
of ethylene oxide. Coiled polyoxyethylene chains may overlap
and cause partial or complete shielding for the nitrogen atom
which constitutes a portion of the hydrophilic group. Over-
lapped areas and shielded head nitrogens are probably the main
reason for such deviation. Fig. 7 showed that M-20 occupies
the large minimum area per molecule.
3.2.4. Effectiveness and efﬁciency
Effectiveness is the amount of surface tension reduction at CMC
(GCMC, interfacial pressure), while a useful measure for surfac-
tant’s efﬁciency is log (1/CG=20) where CG=20 is the bulk molar
concentration required to reduce the tension by 20 mNm1
(pC20, interfacial pressure of 20 mNm
1). Effectiveness (GCMC)
can be calculated from the experimental basic CMC data through
relation (R4).
Effectiveness; PCMC ¼ c0  cCMC ðR4Þ
where c0 is the surface tension of pure solvent (distilled water)
and cCMC is the minimum surface tension attained, since there
is generally very little surface tension lowering above the CMC.From the results shown in Figs. 5 and 6, it is obvious that
factors which cause an increase in the effectiveness of the
investigated compounds cause an induced parallel decrease in
their efﬁciency and vice versa. The increase in the efﬁciency
and the consequent decrease in the effectiveness are only
apparent in the surfactants having ethylene oxide from 10 to
20 units. However, this phenomenon has failed for the ethoxy-
lated compounds having more than 20 units of ethylene oxide.
In polyoxyethylenated compounds having more than one
polyoxyethylene group surrounding a nitrogen atom, the ﬁrst
polyoxyethylene chain appears to be the most effective group,
while the additional oxyethylene groups have reverse or no
effect. This may be the reason for the insigniﬁcant undeﬁned
EO effect on both effectiveness and efﬁciency of surface ten-
sion reduction.
3.3. Asphalt emulsion formulations
In this study, asphalt emulsion formulae were prepared from
asphalt 60/70 (Suez Oil Processing Co.), the prepared nonionic
emulsiﬁers of different number of units of ethylene oxide (M-
10, M-20, M-30, and M-40), and with different weight% of
each (1–5 wt%), and water up to 100% as shown in Tables
4–7.
3.4. Asphalt emulsion speciﬁcations
The prepared formulas of asphalt emulsions were speciﬁed
according to ASTM (D-244) as follows:
3.4.1. Saybolt Furol viscosity
A Saybolt Furol viscosity is measured at 25 and 50 C for
emulsions prepared with various emulsiﬁers (M-10, M-20,
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Figure 7 The relationship between minimum area per molecule of prepared surfactants and the number of ethylene oxide units.
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emulsion viscosity, internal friction between molecules, in-
creases with increasing temperature which may be attributed
to an increase in the area per molecule, presumably due to
the increased thermal motion [23]. It is obvious from data
in Tables 4–7 that increasing the concentration of the em-
ployed emulsiﬁer from 2 to 5 wt% is followed by an increase
in the viscosity of emulsiﬁed asphalt. But, asphalt emulsion
having less than 2 wt% of emulsiﬁer concentration gave an
unstable emulsion (ve result). An increase in emulsiﬁer con-
centration normally gives smaller asphalt particles and conse-
quently increases the electrostatic forces, and thereby
increases emulsion viscosity [24] In fact, as the mean dropletdiameter decreases, the interfacial area increases and the
interaction between the droplets (total energy) becomes
larger.
However, for economic consideration, asphalt emulsion
technologists do not recommend the use of excessive amounts
of emulsiﬁer concentration. Also, some investigators claim
that too much emulsiﬁer concentration will probably result
in slow breaking and reversible ﬂocculation [25].
Attention is again turned to the formulations in Tables 4–7
which show an increase in EO units resulting in an increase in
viscosity. Insigniﬁcant deviation from this general trend is ob-
served in case of formulas prepared from emulsiﬁers M-30 and
M-40 since coiled polyoxyethylene chains may overlap and
Table 4 Formulations of 60/70 asphalt emulsion using the prepared emulsiﬁer (M-10).
Ingredients, wt.% Formulations
A B C D E
Asphalt 60/70 60 60 60 60 60
Kerosene % 5 5 5 5 5
Prepared emulsiﬁer M-10 (wt.%) 1% 2% 3% 4% 5%
Water Up to 100%
Speciﬁcation of obtained emulsiﬁed asphalt
Viscosity, Saybolt Furol
At 25 C, seconds – 78 80 83 90
At 50 C, seconds – 95 102 105 118
Storage stability ve 1.5 1.4 1.2 1.1
Settlement, wt.% (5 days) ve 1.452 1.431 1.422 1.395
Miscibility with water Miscibility without appreciable coagulation
Freezing test, 0F for 12 h All formulations were broken
Coating ability and water resistance
Dry aggregates Fair (excess of coated over uncoated area)
After spraying with water Fair (excess of coated over uncoated area)
Wet aggregates Good (fully coated by asphalt emulsion)
After spraying with water Good (fully coated by asphalt emulsion)
Table 5 Formulations of 60/70 asphalt emulsion using the prepared emulsiﬁer (M-20).
Ingredients, wt.% Formulations
E F G H I
Asphalt 60/70 60 60 60 60 60
Prepared emulsiﬁer wt.% 1% 2% 3% 4% 5%
Kerosene% 5 5 5 5 5
Water Up to 100%
Speciﬁcation of obtained emulsiﬁed asphalt:
Viscosity, Saybolt Furol
At 25 C, seconds – 90 92 100 102
At 50 C, seconds – 105 115 125 153
Storage stability ve <1.0 <1.0 <1.0 <1.0
Settlement, wt.% (5 days) ve 1.2 1.1 1.1 1.1
Miscibility with water Miscibility without appreciable coagulation
Freezing test, 0F for12 h All formulations were homogenous
Coating ability and water resistance:
Dry aggregates Good (fully coated by asphalt emulsion)
After spraying with water Good (fully coated by asphalt emulsion)
Wet aggregates Good (fully coated by asphalt emulsion)
After spraying with water Good (fully coated by asphalt emulsion)
52 E.R. Souaya et al.cause partial or complete shielding for the nitrogen atom
which constitutes a portion of the hydrophilic group.
3.4.2. Phase separation test
It is noteworthy to state the failure of settlement test and phase
separation test which was observed sooner for asphalt emul-
sions having less than 2 wt% of emulsiﬁer concentration, indi-
cating that something is wrong or out of balance in the
emulsiﬁcation process.
The data given in Table 8 showed the phase separation
(days) of asphalt emulsions at 25 C by using the prepared non-
ionic surfactants (M-10, M-20, M-30 and M-40) with different
doses (1, 3–5 wt%) showed that asphalt emulsion prepared with
surfactant M-20 gave the most stable emulsion with the longest
period after which the emulsion is separated, compared with theemulsions prepared with other ethoxylated surfactants. This re-
sult may be attributed to the presence of a higher number of ac-
tive groups (hydrophilic groups) in the structure. So, the
sequence for the stability of asphalt emulsion with respect to
the type of emulsiﬁer used is M-20 >M-30 >M-40 >M-10.
Furthermore, it was observed that the period after which as-
phalt emulsions were separated increases with increasing the
surfactant concentration (i.e. 5 wt%> 3 wt%> 1 wt%),
while emulsions with surfactant concentrations equal or less
than 1 wt% were unstable.
3.4.3. Settlement test
In the four prepared nonionic surfactants and over a wide range
of emulsiﬁer concentration (2–5 wt%), the highest stability, i.e.
the lowest settlement values (water content difference, %), was
Table 6 Formulations of 60/70 asphalt emulsion using the prepared emulsiﬁer (M-30).
Ingredients, wt.% Formulations
J K L M N
Asphalt 60/70 60 60 60 60 60
Prepared emulsiﬁer wt.% 1% 2% 3% 4% 5%
Water Up to 100%
Speciﬁcation of obtained emulsiﬁed asphalt:
Viscosity, Saybolt Furol
At 25 C, seconds – 87 90 102 110
At 50 C, seconds – 89 101 115 120
Storage stability ve 1.2 1.0 <1.0 <1.0
Settlement, wt.% (5 days) ve 1.3 1.2 1.1 1.1
Miscibility with water Miscibility without appreciable coagulation
Freezing test, 0F for 12 h All formulations were homogenous
Coating ability and water resistance:
Dry aggregates Fair (excess of coated over uncoated area)
After spraying with water Fair (excess of coated over uncoated area)
Wet aggregates Good (Fully coated area by asphalt emulsion)
After spraying with water Good (fully coated area by asphalt emulsion)
Table 7 Formulations of 60/70 asphalt emulsion using the prepared emulsiﬁer (M-40).
Ingredients, wt.% Formulations
O P Q R S
Asphalt 60/70 60 60 60 60 60
Emulsiﬁer 1% 2% 3% 4% 5%
Water Up to 100%
Speciﬁcation of obtained emulsiﬁed asphalt:
Viscosity, Saybolt Furol
At 25 C, seconds – 79 83 89 91
At 50 C, seconds – 85 87 94 98
Storage stability ve 1.0 1.2 1.1 1.1
Settlement, wt.% (5 days) ve 1.45 1.32 1.31 1.30
Miscibility with water Miscibility without appreciable coagulation
Freezing test, 0F for 12 h All formulations were broken
Coating ability and water resistance:
Dry aggregates Fair (excess of coated over uncoated area)
After spraying with water Fair (excess of coated over uncoated area)
Wet aggregates Good (fully coated by asphalt emulsion)
After spraying with water Good (fully coated by asphalt emulsion)
Table 8 Phase separation test (days) of bituminous emulsion
with different surfactants concentration at 25 C.
Surfactant (wt.%) Phase separation test (days)
M-10 M-20 M-30 M-40
2 10 22 21 14
3 16 35 25 20
5 22 38 32 30
Evaluation and application of surfactants synthesized from asphalt components 53achieved at the highest emulsiﬁer concentration. Moreover, it
was observed that the emulsions prepared with emulsiﬁer M-
20 gave the lowest settlement values compared with the emul-
sions prepared with other prepared surfactants.
3.4.4. Coating ability and water resistance
Coating ability was carried out for wet and dry aggregates
according to ASTM (D-244) by using the prepared asphalt
emulsions. From the data listed in Tables 4–7 in case of dry
aggregates coated with emulsions prepared by using M-20, it
was noticed that aggregates are fully coated, exclusive of pin-
holes and sharp edges, while for dry aggregates coated with
emulsions prepared by using M-10, M-30, and M-40, excess
of coated area over uncoated area was observed. In the case
of wet aggregates, it was noticed that all the prepared emul-
sions with different emulsiﬁers showed excess of coated area
over uncoated area.4. Conclusion
Increasing the number of ethylene oxide (EO) units of the
prepared nonionic surfactants, (M-10, M-20, M-30 and
M-40), led to a decrease in the CMC values, and an increase
in the HLB values.
54 E.R. Souaya et al.Both viscosity and stability of the prepared asphalt emul-
sion formulations increased with increasing the degree of
ethoxylation (%EO), and surfactant concentration.
Asphalt emulsions prepared by using M-20 gave a homoge-
neous phase, and were not affected by the freezing test.
Also, aggregates were fully coated by asphalt emulsion,
exclusive of pinholes and sharp edges.
Ethoxylated sulfonamide maltene having 20 units of EO
(M-20) was found to be a fairly good emulsiﬁer for asphalt
emulsion formulations.
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